Bioassays

Daphnia magna
A 7-day D. magna growth test was performed in semi-static conditions (water renewed daily) at a hardness of 130 mg L -1 of CaCO3. The reconstituted water and the adjustment of its hardness were made according to USEPA protocols 1 (Table S1 ). were also performed.
Every day, each D. magna was transferred, with a polypropylene (PP) pipette, in a new PP beaker containing 24 mL of the contaminated water. Since the presence of algae can affect the Y bioavailability via complexation with cellular exudates, the addition of algae as food source (5.10 5 cells of Pseudokirchneriella subcapitata mL -1 ) was delayed for 6 hours after the daily transfer of D. magna. To assess Y exposure over the testing period, the concentration of dissolved Y was measured before the transfer of the organisms (t = 0 h), at 6 hours (before the addition of algae) and at 24 h every two days. Moreover, hardness, pH, temperature, and conductivity were measured daily. The size of each D. magna, from the top of the head to the end of the tail spine, was measured under a binocular scope (magnification factor X4) at the end of the assay.
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Chironomus riparius
A 10-day sediment growth test with a sediment collected from Lac Croche at the Station de biologie des Laurentides (QC, Canada), spiked with Y (52, 144 and 450 mg kg -1 dried weight, dw), was carried out with C. riparius as described elsewhere 2 . C. riparius were exposed by thirty with 3 replicates per treatment (3 experimental units per treatment).
Details of the preparation of the Y spiked sediment and of the characteristics of the natural sediment are given in the section "exposure medium".
The test was conducted in static conditions. Experimental chambers consisted of glass jars filled with 170 g of the sediment previously spiked with Y and 900 mL of reconstituted water (Table S1) . A one-month aging period for this experimental medium was set with a renewal of 80% of the water at the end. After this period, thirty organisms (<48 h old after hatching) were introduced in each jar. Organisms were fed all along the test with 1.5 mL of a fish flake suspension of Tetramin® (10 g L -1 ). Over the test temperature was set at 21.7 °C and water was aerated continuously.
The concentration of dissolved Y in the water was measured at days 1, 5, and 10. The total concentration of Y in the sediment was measured before the beginning of the test. At the end of the assay, C. riparius were transferred in PP jars filled with 500 mL of reconstituted water free of Y for 24 hours to clean their gut content. Then, they were counted, measured, rinsed in 1 mM EDTA solution to remove Y adsorbed to their body surface, dried with Kimwipe sheets and pooled in 1.5 mL preweighed and acid washed PP microcentrifuge tube, weighed, and stored at -80°C. The experimental chambers consisted of a PP bag set in a glass aquarium. Trout were fed twice daily at a rate of 2% of body weight per day with a commercial feed (Skretting Nutra XP). To minimize the dissolved Y lost because of Y complexation to food and faeces, remaining food and faeces were removed with a 50-mL glass pipette one hour after the feeding period. Total organic carbon, as well as total and dissolved Y concentrations were measured at t = 0 h (after the renewal of the water), at t = 24 h and at t = 48 h (before the renewal of the water); these measurements were repeated four times during the experiment. pH, temperatures and conductivity were measured daily.
At the beginning of the assay, fish were anesthetized with clove extract (Lotus Aroma), sized and weighed. The weight difference between each batch of ten fish was lower than 10% of the average weight of the five batches. After 14 days, fish were anesthetized, S 5 sized, and weighed for a second time. This operation was repeated a last time at the end of the experiment. An average growth rate for the fish as a function of Y exposure was assessed with the size measured at day 0, 14, and 28. Finally, for each exposure level, fish livers were extracted with a surgical steel razor blade and pooled by three in 1.5 mL preweighed and acid-washed PP microcentrifuge tubes, weighed, and stored at -80 °C.
Exposure medium
Recipe of the reconstituted water used in our bioassay is given in Table S1 . This reconstituted water was made according to USEPA 3 and is adapted for bioassay on our three organisms. Preparation of the Y spiked sediment used for C. riparius bioassay is described in this section. were performed using an IEC Micromax centrifuge (Thermo IEC) whereas a WX ULTRA 100 centrifuge (Sorval, Ultra Thermo Scientific) equipped with a F50L-24 X1.5 rotor (Fisher Scientific) was used for ultracentrifugation (≥ 25,000 g).
Water medium
Hardness (mg L -1 of CaCO3) NaHCO3 (mg L -1 ) CaSO4 (mg L -1 ) * MgSO4 (mg L -1 ) # KCl (mg L -1 )
S 11
Results
Bioassay exposure monitoring
Several physico-chemical parameters were monitored during the bioassays on our three organisms, in particular the concentration of Y dissolved in the exposure medium.
Results of these monitoring are presented in Tables S2, S3 to 107% on average (Table S2 ).
For C. riparius, for the maximal exposure level, dissolved Y concentration in the water column raised from 14 ± 2 µg L -1 at the beginning of the bioassay to 42 ± 8 µg L -1 by the end (Table S3 ). This increase is presumably caused by a release of Y from the sediments, which contained 465 mg Y kg -1 dw.
For O. mykiss, a sharp decline of measured dissolved Y concentration between water renewals was observed. Thus, our nominal exposure levels of 250 and 500 of µg L -1 yielded measured levels of only 8 ± 3 and 16 ± 9 µg L -1 of dissolved Y, 24 hours after the medium renewal (Table S4) . Binding of Y with the organic matter from the food and O. mykiss faeces likely explains this loss. Indeed, a preliminary experiment monitoring dissolved Y depletion in a Y-spiked water in the presence or absence of food (Fig. S2) showed a decrease of 61% after 24 hours in water with food and no significant Y loss in the absence of food.
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For every test, Y was mainly present in the form of YCO3 (61-80%) (Table S5) . 
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Figure S2 -Dissolved Y concentration in reconstituted water supplied with or without food over a 48-hour period.
Bioassay toxicity results
Toxicity results from the bioassays performed on D. magna, C. riparius and O. mykiss
are presented in this section.
D. magna
D. magna size after a seven-day exposure period to a Y exposure concentration range in three water media of differing hardness is showed in Fig. S3 .
Regardless of the water hardness, a decline of D. magna size at the end of the bioassay with increasing Y levels was assessed (Fig. S3) . In addition, a covariance analysis 
Chironomus riparius
C. riparius size and survival rate at the end of the ten-day bioassays performed on this organism is presented in Fig. S4 .
A significant decline of C. riparius size was measured from an exposure of 53 mg kg -1 dw and was even more enhanced at 465 mg kg -1 dw (Fig. S4) . Nonetheless, even if the lowest survival rate, 72 ± 1%, was measured at this latter exposure level, none significant shifting of survival rate was assessed depending on the Y exposure level. 
Oncorhynchus mykiss
O. mykiss size and weight at the beginning, the middle and at the end of the 28-day bioassay performed on this organism are presented in Fig. S5 (A) and (B) respectively.
A significant decrease of O. mykiss size and weight at 500 µg L -1 was observed from the 14 th day on (Fig. S5) . However, at the end of the bioassay this size decrease was no longer significantly different from the O. mykiss size measured for a Y exposure level of 250 µg L -1 (Fig. S5 A) . Though, O. mykiss weight for the Y exposure level of 500 µg L -1 of Y at the end of the bioassay remained significantly different from the two other levels (Fig. S5 B) . Indeed, at this last day of the 28-day bioassay, at the maximal exposure level,
O. mykiss weighed on average 3.9 ± 0.4 g against 4.8 ± 0.3 g for the two others Y exposure levels. Figure S6 .
A significant decline in the proportion of Y in organelles (mitochondrial membranes, lysosomes and microsomes), from 21 ± 6% to 7 ± 1%, with a concomitant increase in the NaOH-resistant fraction, from 62 ± 13% to 88.1 ± 0.1%, along the exposure range, was observed ( Fig. S6 ).
S 24 Table S7 . For D. magna, Y concentration in NaOH-resistant fraction were at least three times higher than others. Plus, Y concentration in D. magna fraction appeared constant over our exposure range (Table S7) (Table S7 ).
